Regulation of erythrocyte Na-K-2Cl cotransport by threonine phosphorylation.
A method is described to measure threonine phosphorylation of the Na-K-2Cl cotransporter in ferret erythrocytes using readily available antibodies. We show that most, if not all, cotransporter in these cells is NKCC1, and this was immunoprecipitated with T4. Cotransport rate, measured as 86Rb influx, correlates well with threonine phosphorylation of T4-immunoprecipitated protein. The cotransporter effects large fluxes and is significantly phosphorylated in cells under control conditions. Transport and phosphorylation increase 2.5- to 3-fold when cells are treated with calyculin A or Na+ arsenite. Both fall to 60% control when cell [Mg2+] is reduced below micromolar or when cells are treated with the kinase inhibitors, 4-amino-5-(4-methylphenyl)-7-(t-butyl)pyrazolo[3,4-d]pyrimidine or staurosporine. Importantly, these latter interventions do not abolish either phosphorylation or transport suggesting that a phosphorylated form of the cotransporter is responsible for residual fluxes. Our experiments suggest protein phosphatase 1 (PrP-1) is extremely active in these cells and dephosphorylates key regulatory threonine residues on the cotransporter. Examination of the effects of kinase inhibition after cells have been treated with high concentrations of calyculin indicates that residual PrP-1 activity is capable of rapidly dephosphorylating the cotransporter. Experiments on cotransporter precipitation with microcystin sepharose suggest that PrP-1 binds to a phosphorylated form of the cotransporter.